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I N T R O D U C T I O N  

\An o p t i c a l l y  a c t i v e  f r a c t i o n  was o b t a i n e d  by s a p o n i f i c a t i o n  
of s o l v e n t  e x t r a c t s  from a s t o n e  of t h e  O r g u e i l  carbonaceous  mete- 
o r i t e .  The s u r f a c e  l a y e r  of t h i s  s t o n e  was removed w i t h  a h i g h  
speed ,  d e n t a l  t y p e  d r i l l  p r i o r  t o  e x t r a c t i o n  t o  e n s u r e  t h e  ex- 
c l u s i o n  of p o s s i b l e  contaminat ions  from t h e  m e t e o r i t e  s u r f a c e s .  
The e x t r a c t i o n  and s a p o n i f i c a t i o n  was conducted  i n  a newly b u i l t ,  
s p e c i a l  l a b o r a t o r y  a t  t h e  .Un ive r s i ty  of C a l i f o r n i a ,  n o t  y e t  used  
f o r  t h e  s t u d y  of b i o l o g i c a l  materials and c o n t a i n i n g  no s topcock  
g r e a s e  o r  o t h e r  p o s s i b l e  contaminants .  (The s a p o n i f i e d  meteor i te  
e x t r a c t s  showed a small b u t  w e l l  r e p r o d u c i b l e  l e v o - r o t a t i o n .  Two 
s a p o n i f i e d  f r a c t i o n s  o b t a i n e d  by t h e  i d e n t i c a l  p rocedure  from 
smaller f r agmen t s  of two o t h e r  s t o n e s  of  t h e  O r g u e i l  meteori te  
showed v e r y  similar l e v o - r o t a t i o n , ,  S a p o n i f i e d  f r a c t i o n s  o b t a i n e d  
a g a i n  by t h e  same procedure  from a d u s t  sample i n  t h e  museum where 
t h e  t h r e e  s t o n e s  were k e p t ,  an  o l d  wax sample used  fo r  s e a l i n g  
a c o n t a i n e r  h o l d i n g  meteorites i n  a d i f f e r e n t  museum, ragweed 
p b l l e n  (Ambrosia e l a t i o r )  g r a i n s ,  and s o i l  were d e x t r o - r o t a t o r y  
a t  t h e  same wavelengths .  I d e n t i c a l  f r a c t i o n s  o b t a i n e d  from a r e c e n t  
a l g a  (Pe lagophycus  p o r r a ) ,  naphthenic  a c i d s  i n  pe t ro l eum and t h e  
druderhe im non-carbonaceous meteorite were e i t h e r  s l i g h t l y  d e x t r o -  
r o t a t o r y  o r  showed no o p t i c a l  a c t i v i t y  a t  t h e  same wavelengths . ,  The 
chemica l  composi t ion  o f  t h e  o p t i c a l l y  a c t i v e  f r a c t i o n s  was a n a l y z e d  
by i n f r a r e d ,  u l t r a v i o l e t  and v i s i b l e  s p e c t r o s c o p y  and t h i n  l a y e r  
chromatography.  The t h i n  l a y e r  chromatograms showed t h a t  t h e  
compos i t ion  of t h e  O r g u e i l  meteorite ex t r ac t s  was whol ly  d i f f e r e n t  

', 
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from the composition of saponified fractions that can be isolated 
by identical procedures from recent biological matter./ 

Stones of the Orgueil meteorite shower fell at about 8 p.m. 

on May 14, 1864 near Orgueil and Campsas in France. It was dis- 
covered only a few weeks after the fall (1) that these stones con- 
tained significant quantities of organic matter, including hydro- 
carbons ( 2 ) .  Recent analyses ( 3 ,  4 ,  5, 6) revealed saturated and 
aromatic hydrocarbons, long chain fatty acids and what appear to 
be porphyrins. Microstructures resembling microfossils were observed 
in the stones ( 7 ,  8). These organized elements were mineralized with 
iron hydroxide, limonite, contained some chlorine ( 9 )  and left acid 
insoluble residues after H C 1  leaching. The residues contained com- 
pounds resembling ribonucleic acids and proteinaceous matter (10). 
The mineral composition of the Orgueil meteorite suggests that the 
parent body had an aqueous, low temperature, somewhat reducing and 
slightly alkaline environment (111, one which could have supported 
life processes. The meteorite contains approximately 2 0  per cent 
water (12) most of which appears to be non-terrestrial because of 
its significantly different deuterima/hydrogen ratio (131. The barrlt 
crust of the stones, acquired during the passage through the earth's 
atmosphere, is only a few hundred microns thick (14). There is no 
mineralogical evidence that the stones were damaged by heat beneath 
the crust. 

! 

' A spectropolarimetric examination was undertaken because optical 
rotation in orsanic molecules is generally regarded as evidence for 
biological origin. It should be noted in this connection that biological 
matter which has accumulated in and been preserved through the geological 
past on earth, such as petroleum and components of coal, still show 
optical rotation:(15, 16) even though it may have been subjected to 
rather severe environments while lying buried in the rocks. 

SAMPLES AND REAGENTS 

Orgueil meteorite. Three Orgueil meteorite samples were obtained 
from the Montauban Museum, Montauban, Tarn et Garonne, France through 
the courtesy of Dr. A .  Cavaille. The museum records showed that these 
stones were kept continuously in the museum since May 26, Yay 29 and 
June 2 0 ,  1864, respectively, under glass bell jars. One of the samples 
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consisted of a rather large, dark-colored fragment of a stone (Figure 
11, showing well developed fusion crust on one side. 
samples consisted of smaller, dark colored fragments. All three 
samples showed some of the usual white crystalline material (epsomite) 
exposed on the surfaces. A careful examination of the fragments under 
a dissecting microscope showed no surface contaminations, such as paint 
marks, wax, varnish, shellac, etc. A detailed'microscopic study of 
petrographic thin sections of several fragments showed no disruption 
of the original mineral-grain texture. This observation together with 
the fact that the water soluble meteorite mineral, epsomite, was still 
present, excludes the possibility that the interiors of these samples 
were contaminated by mechanical or solution processes. 

Bruderheim meteorite. A 21.1 2 sample of the Bruderheim non- 
carbonaceous meteorite, which fell in Canada in 1960, was obtained 
from Drs. G. Goles and R. Murthy of the University of California, San 
Diego. This control sample was taken from the interior of a complete 
stone, No. 42703B18, obtained originally from the University of Alberta, 
Canada. Almost the entire surface of the stone possessed a burnt crust. 
Bruderheim contains minerals of high temperature history only, there- 
fore it is believed that it cannot contain indigenous biochemical com- 
pounds. 

was obtained from Dr. A. Cavaille. It consisted of microbiological 
matter, fragments of dry plant leaves, textile threads, granules of 
brick and mortar, etc. This dust accumulated through a period of years. 
This control sample is thought to be representative of the terrestrial 
biological contaminants which were present during the meteorite storage. 

Museum wax. A 0.38 g sample of wax was obtained from Prof. J. 
3rcel of the Museum National d'  Histoire Naturelle in Paris. This old 
wax sample was used in Paris to seal containers holding meteorites. 
It was chosen as a control because it might represent the general type 
of waxes with which the Orgueil meteorite could have been contaminated 
at various museums during storage. 

Ragweed pollen. A 0.25 g sample of pollen was obtained from Dr. 
3.  Siege1 of the Brooklyn Jewish ilospital in New York to be used as 
a control. It has been claimed (17, 18) that organized elements are 
recent pollen contaminants, particularly ragweed, Ambrosia elatior, 

The other two 

Museum dust. A 2.71 g sample of dust from the Montauban Museum 
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p o l l e n .  
matter i n  O r g u e i l  might  have been con tamina ted  w i t h  b i o c h e m i c a l s  f rom 

p o l l e n .  
Marine algae. It has been sugges t ed  (7) t h a t  o r g a n i z e d  e l e m e n t s  

may m o r p h o l o g i c a l l y  resemble  a l g a e .  
i c e l l u l a r  and commonly a v a i l a b l e  brown a l g a ,  Pelagophycus p o r r a  (a 
seaweed o r  k e l p ) ,  was used  as a c o n t r o l .  
by one  of t h e  a u t h o r s  ( B . N . )  on t h e  beach  a t  t h e  U n i v e r s i t y  o f  C a l i f -  
o r n i a  i n  L a  J o l l a ,  d u r i n g  heavy s e a s  which washed t h e  k e l p  a s h o r e .  A 

30 g sample was used  i n  t h i s  s tudy .  

a n  oak f o r e s t  i n  H a r t s d a l e ,  New York; it was c o l l e c t e d  by one o f  t h e  
a u t h o r s  (B.N.). T h i s  s o i l  was a p p a r e n t l y  n o t  a f f e c t e d  by c u l t i v a t i o n  
o r  o t h e r  a r t i f i c i a l  p r o c e s s e s .  It  i s  p r o b a b l e ,  o f  c o u r s e ,  t h a t  the  
o r g a n i c  compos i t ion  of  t h e  s o i l  a t  t h e  l o c a t i o n s  of t h e  m e t e o r i t e  f a l l  
i n  1864 was d i f f e r e n t  from t h a t  of t h i s  c o n t r o l  sample even though the 
l a t t e r  was o b t a i n e d  from a climatic r e g i o n  n o t  markedly  d i s s i m i l a r  
from t h e  v i c i n i t y  of t he  v i l l a g e  of  O r g u e i l .  Such s o i l s  c o n t a i n  a 
wide r a n g e  o f  b i o c h e m i c a l s  i n c l u d i n g  many common classes of  compounds. 

Naphthenic  acids. 
i s o l a t e d  from combined pe t ro leum s t o c k s ,  was o b t a i n e d  from D r .  S o l  
S i lve rman  o f  t he  C a l i f o r n i a  Research C o r p o r a t i o n  i n  La  Habra,  Cal i f -  
o r n i a  for t he  purpose  of  a n  a d d i t i o n a l  c o n t r o l .  1 g p o r t i o n s  of t he  
sample were used  i n  t h i s  s tudy .  

S o l v e n t s ,  chemicals and g l a s sware .  Only r e a g e n t  o r  C.P. g r a d e  
chemicals were used: benzene,  methanol ,  water, e ther ,  h y d r o c h l o r i c  ac id ,  
p o t a s s i u m  hydrox ide  and anhydrous sodium s u l f a t e .  A l l  l i q u i d s ,  e x c e p t  
e t h e r ,  were f r e s h l y  d i s t i l l e d  p r i o r  t o  u s e  t h r o u g h  1 2  o r  1 6  i n c h  d i s -  
t i l l i n g  columns packed w i t h  g l a s s  beads o r  Raschig r i n g s .  
t e t r a c h l o r i d e  used  i n  i n f r a r e d  a n a l y s i s  and p o l a r i m e a r y . .  was s p e c t r a l  
g rade .  
(Woelm, n e u t r a l ,  Grade I >  columns a c c o r d i n g  t o  p r o c e d u r e s  descr ibed 

i n  t h e  l i t e r a t u r e  ( 1 9 ) .  S o l v e n t s  a c c e p t e d  f o r  u s e  c o n t a i n e d  0.0-0.tl) mg 
r e s i d u e  / l o 0  g s o l v e n t  and e x h i b i t e d  no e x t r a n e o u s  a b s o r p t i o n  e f fec ts  on 
t h e i r  i n f r a r e d  s p e c t r a .  
of h o t  8 5 %  conc. H2S04 and 1 5 %  conc. H N 0 3 .  No s t o p c o c k  grease w a s  
u sed ,  and  no p l a s t i c  o r  r u b b e r  implements were i n  c o n t a c t  w i t h  t he  

samples  o r  s o l u t i o n s .  L i q u i d  samples were e v a p o r a t e d  unde r  a stream 

If t h i s  claim is  t r u e  i t  i s  c o n c e i v a b l e  t h a t  t h e  b i tuminous  

A specimen of t h e  l a rge ,  mul t -  

A f resh  sample was c o l l e c t e d  

- S o i l .  An 11 .5  g s o i l  sample,  a n o t h e r  c o n t r o l ,  was o b t a i n e d  from 

A r e f i n e r y  SO2 e x t r a c t  o f  n a p h t h e n i c  acids, 

Carbon 

E t h e r  was p u r i f i e d  by chromatography on a c t i v a t e d  a lumina  

A l l  g l a s s w a r e  w a s  acid c l e a n e d  w i t h  a m i x t u r e  
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of (water-pumped) n i t r o g e n  f i l t e r e d  th rough  f la theson  m o l e c u l a r  s i e v e  
gas  p u r i f i e r s  recommended for t h e  r e m o v a l  o f  t races  of o i l  and wa te r .  
Blank r u n s ,  ( i . e .  procedure  b l anks )  c o n t a i n i n g  s o l v e n t s  o n l y ,  b u t  
o t h e r w i s e  i d e n t i c a l  w i t h  t h e  e n t i r e  m e t e o r i t e  a n a l y t i c a l  p rocedure ,  
were perforrned p r i o r  and p a r a l l e l  t o  a l l  exper iments .  

Orgue i l  o p t i c a l l y  a c t i v e  f r a c t i o n s  was ana lyzed  by comparison w i t h  
i d e n t i c a l l y  p repa red  s a p o n i f i e d  f r a c t i o n s  i s o l a t e d  from recen t  b io-  
l o g i c a l  mat ter ,  w i t h  l i p i d  f r a c t i o n s  and pu re  compounds. The fo l low-  
i n g  s t a n d a r d s  were used i n  a d d i t i o n  t o  brown a l g a e ,  museum wax and 
naph then ic  a c i d s :  (a) p l a n t s ;  s a p o n i f i e d  matter from p u r p l e  s u l f u r  
bacter ia  (Chromatiurn SD.), b a c t e r i a  found i n  marine muds ( S a p r o s p i r a  
f i r a n d i s ) ,  moss (Po ly t r i chum commune), fungus  ( P h o l i o t a  p r a e c o x ) ,  
and t h e  l e a v e s  o f  t h e  f lower ing  p l a n t ,  banana palm (Musa sap ien turn) ;  
(b) an ima l s ;  s a p o n i f i e d  matter from a n  an thozoa ,  sea anemone (Bunodes 
r i g i d u s ) ,  exc lud ing  t h e  t i s sues  of t h e  d i g e s t i v e  t r a c t ,  and non- 
s a p o n i f i e d  l i p i d  e x t r a c t s  from beef b r a i n  and beef  s p l e e n .  Chloroform 
r i n s e  o f  one of t h e  i n v e s t i g a t o r ' s  hands (B.N.) and a c o l d  ch lo ro fo rm 
e x t r a c t  of t h e  O r g u e i l  meteorite served  as t w o  a d d i t i o n a l  s t a n d a r d s .  
The f o l l o w i n g  pure  compounds and element were u s e d  as s t a n d a r d s  on 
t h e  t h i n  l a y e r  p l a t e s ;  hydrocarbons;  n-hexadecane (Cis), n-octadecane 
(CL8) and n - t r i a c o n t a n e  ( C  

L- ( + )  g l u t a m i c  a c i d ,  L- ( -1 l e u c i n e ,  g l y c i n e  and DL - a  - a l a n i n e ;  
f a t t y  a c i d s ;  o l e i c  (s18), s t e a r i c  (C18), c e r o t i c  (C2s) ,  a-methyl 
e i c o s a n o i c  (c21) anda -e thy l  e i c o s a n o i c  ( C  1 a c i d s .  The l a s t  two 
compounds which are s a t u r a t e d ,  branched-chain f a t t y  a c i d s ,  were p re -  
pa red  d u r i n g  t h i s  s t u d y  from malonic es te r  s y n t h e s e s  u s i n g  1-bromo- 
oc t adecane ,  methyl  i o d i d e  o r  e t h y l  i o d i d e  i n  a procedure  similar t o  
t h e  method d e s c r i b e d  by Bleyberg and U l r i c h  ( 2 0 ) .  

o f  t h e  samples  w a s  e v a l u a t e d  w i t h  r e f e r e n c e  t o  s o l v e n t  b l a n k s ,  and  

s o l u t i o n s  i n  which d i f f e r e n t  forms of s u l f u r  were d i s s o l v e d .  B e -  
cause t h e  s a p o n i f i e d  f r a c t i o n s  from O r g u e i l  and c o n t r o l s  were l i g h t  
brownish-yellow i n  color ,  d y e s  and c o l l o i d a l  s u l f u r  were added t o  
some of  t h e  b l anks  i n  a n  a t t e m p t  t o  r ep roduce  t h e  sample a b s o r p t i o n s  
i n  t h e  v i s i b l e  s p e c t r a l  r ange .  A mix tu re  of two s y n t h e t i c  d y e s  c o n s i s t -  
i n g  of a darkened sample o f  N-methyl a n i l i n e  and of i s a t i n  t r i n i t r o -  
phenyl  e t h e r  i n  C C 1 4  gave t h e  b e s t  color  match ( F i g u r e  2 ) .  

Standa rds  for t h i n - l a y e r  chromatography. The compos i t ion  of t h e  

1; e lemen ta l  s u l f u r ;  amino ac ids ;  -3 0 

-2 2 

S t a n d a r d s  f o r  o p t i c a l  r o t a t i o n  measurements.  The o p t i c a l  r o t a t i o n  
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EXPERIMENTAL PROCEDURES 

Sample p r e p a r a t i o n .  One of t h e  O r g u e i l  s t o n e s  was b i g  enough f o r  
mechanica l  c l e a n i n g  p r i o r  t o  e x t r a c t i o n .  F i g u r e  1 shows t h i s  s t o n e  
f ragment  ( 2 6 . 1 9  g) b e f o r e  i t s  s u r f a c e  was d r i l l e d  o f f  w i t h  a mod i f i ed  
"Port-a-dent"  d e n t a l  t y p e ,  t u r b i n e  d r i l l ,  5 ,000  t o  200 ,000  rpm, manu- 
f a c t u r e d  by P i o n e e r  Research  and Development Company i n  Lemon Grove, 
C a l i f o r n i a .  I n  t h e  p r e s e n t  experiment  n i t r o g e n  (water pumped and 
f i l t e r e d  th rough  a Matheson molecular  s i e v e  gas  p u r i f i e r )  was used 
t o  d r i v e  t h e  t u r b i n e  a t  40  p s i  p r e s s u r e .  The t u r b i n e  was cove red  w i t h  
t a p e  t o  exc lude  p o s s i b l e  o i l  con tamina t ions  from b e a r i n e s .  The water 
j e t  c u s t o m a r i l y  used  in d e n t a l  work was d i s c o n n e c t e d  and it was a s s u r e d  
t h a t  o n l y  a weak and d i f f u s e  p a r t  of t he  N 2  stream blew toward t h e  

sample. The d r i l l  b i t  w a s  c a r e f u l l y  washed w i t h  d i s t i l l e d  ch lo ro fo rm 
p r i o r  t o  t h e  exper iment  t o  remove p o s s i b l e  l i p i d  c o n t a m i n a t i o n s .  
(Chloroform washing was judged t o  be more e f f e c t i v e  t h a n  s t e r i l i z a t i o n  
which o n l y  k i l l s  l i v i n g  organismf) .  The e n t i r e  s u r f a c e  of t h e  s t o n e  
w a s  removed by d r i l l i n g .  Following t h i s ,  the  s t o n e  w a s  broken a l o n g  
p l a n e s  of weakness,  and t h e n  c leaned  by d r i l l i n g  a l o n g  t h e  new s u r f a c e s  
t o  remove any e x t r a n e o u s  mat ter  t h a t  may have seeped  i n  t h e r e .  The 
s t o n e  weighed 22.34 g a f t e r  i t s  surface was removed. Th i s  s t o n e  and all 
o t h e r  samples  were p u l v e r i z e d ,  except  c o n t r o l s  which were r e c e i v e d  i n  
powdered form. The k e l p  was homogenized i n  a IJaring t y p e  b l e n d e r .  

E x t r a c t i o n  and s a p o n i f i c a t i o n  The powdered O r g u e i l  meteori te  
samples ,  1 0 0 - 2 0 0  mesh, (11.13g, 11.49g and 2 2 . 0 5 g  r e s p e c t i v e l y )  and 
a l l  c o n t r o l s  were e x t r a c t e d  i n  f r i t t e d  glass t h i m b l e s  f o r  f i v e  h o u r s  
i n  a S o x h l e t  a p p a r a t u s  w i t h  1 0 0  ml of a benzene-methanol ( 6 : 4 >  s o l u t i o n .  
2.9 g of KOH and 1 m l  o f  water were added t o  t h e  bo t tom flask of t h e  
a p p a r a t u s  t o  s a p o n i f y  c a r b o x y l i c  a c i d  d e r i v a t i v e s  (e .g .  es ters)  e x t r a c t -  
ed from the  sample i n  t h e  th imble .  A t  no t i m e  was t h e  K O H  i n  c o n t a c t  
w i t h  t h e  sample i n  t h e  th imble .  The s a p o n i f i e d  material was e x t r a c t e d  
by s h a k i n g  w i t h  50  m l  water t o  which a 2 0  p e r c e n t  s o l u t i o n  o f  HC1 was 
added t o  a c i d i f y  t h e  s e p a r a t e d  aqueous e x t r a c t .  The a c i d i f i e d  mater- 
i a l  was e x t r a c t e d  w i t h  2 5  ml of e t h e r ,  which was t h e n  evapora t ed  t o  
d r y n e s s  a t  room tempera tu re  under  n i t r o g e n .  Next t h e  r e s i d u e  w a s  
d i s s o l v e d  i n  CC14  f o r  i n f r a r e d  and p o l a r i m e t r i c  measurements.  
e x t r a c t i o n  and s a p o n i f i c a t i o n  procedure  was i d e n t i c a l  t o  t h a t  d e s c r i b e d  
by Nagy and B i t z  (5) f o r  t h e  i s o l a t i o n  of f a t t y  a c i d s  from t h e  O r g u e i l  

The 
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meteorite. 
Infrared spectroscopy. A Perkin-Elmer Infracord, 137, spectro- 

meter with NaCl optics was used to identify the saponified fractions. 
The CCl,, solutions were run in 1.0 or 2.0 mm NaCl cavity cells. 
Comparison of infrared spectra of Orgueil and all control extracts 
with spectra of pure compounds and acids in the literature (21, 22) 
showed characteristic acid absorption features (Figures 3 and 4). The 
meteorite fractions showed a strong acid-carbonyl absorption at 5.85 p, 
shoulders at 3.3 and 3.7 p and a broad band at 10.7 p. These spectral 
features are generally regarded to be characteristic of carboxylic 
acids (21). In an earlier study ( 5 )  the identity of the 3acids'in 
Orgueil was further substantiated by the preparation and spectra of 
carboxylic acid derivatives (methyl esters). 

Ultraviolet and visible spectroscopy. A Beckman DK-2A spectro- 
photometer, equipped with 1 cm cells, was used to obtain the UV and 
visible spectra. One meteorite saponified fraction was analyzed in a 
Cary- Model 15 spectrophotometer. Samples were examined in methanol 
!or occasionally in C C 1 4  s o l u t i o n s  in the visible range). The Orgueil 
acidic fractions showed absorption bands at 277, 262 and 220 mp in the 
UV range. The ultraviolet spectra of naphthenic acids and of the lipid 
hydrolysates from Pelagophycus were run and showed variations from the 
Orgueil spectra (Figure 5). Agreement between the infrared spectra of 
these three samples (Figure 4) indicates only the presence of a common, 
general component group rather than a narrow class of compounds. The 
visible spectra of Orgueil saponifiable matter were characterized by 
the absence of absorption bands and by a general increase in absorption 
toward lower wavelengths. Hodgson (6) found that the visible spectra 
of the hexane-benzene eluates from silica gel columns of our non-sapon- 
ifiable Orgueil fractions showed absorptions which resembled a petroleum 
povphyrin peak. dowever, dihydroporphyrins (common constituents of 
dust and recent biological contaminations) were absent, the detection 
limit being approximately 0,0002 ppm. This further emphasizes the lack 
of terrestrial contamination in the'interior of the Orgueil meteorite. 

Thin layer cl~romatography. The conDoeition of the OrTueil saponi- 
fied fractions was further examined by thin layer chromatography. The 
chromatograms were compared with those of the v a r i o u s  standards. Thin 
layer plates spread with silica gel and magnesium silicate or calcium 
sulfate as the binder were heat activated at 120°C f o r  twenty minutes 
2nd air cooled f o r  thirty minutes before application of the samples w i t h  
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a c a l i b r a t e d  mic rosy r inge .  P l a t e s  were developed i n  l i n e d  chambers 
w i t h  t w o  s o l v e n t  sys tems d i f f e r i n g  i n  p o l a r i t y ;  a chloroform-methanol- 
water mix tu re ,  and t h e  less  p o l a r  hexane-ether  system. A f t e r  a i r  
e v a p o r a t i o n  of t h e  deve lop ing  s o l v e n t s ,  t h e  p l a t e s  were sp rayed  w i t h  

rhodamine 6C, which under  u l t r a v i o l e t  l i g h t  s t a i n e d  t h e  s p o t s  ye l low 
o r  p u r p l e  on a l i g h t e r  p u r p l e  background. Chromatograms photographed 
under  u l t r a v i o l e t  l i g h t  are shown i n  F i g u r e s  6A, b and c. Thin l a y e r  
chromatography s e p a r a t e s  compounds on t h e  b a s i s  of p o l a r i t y  r a t h e r  
t h a n  on  s t r u c t u r e .  From the  t h i n  l a y e r  chromatography of t h e  O r g u e i l  
s a p o n i f i e d  ex t rac ts ,  hydrocarbon,  s u l f u r ,  and a c i d i c  f r a c t i o n s  were 
e v i d e n t .  I n d i v i d u a l  components were s c r a p e d  o f f  t h e  p l a t e s  w i t h  a 
r a z o r  b l a d e ,  e l u t e d  from t h e  adso rben t ,  and i d e n t i f i e d  by t h e i r  
c h a r a c t e r i s t i c  i n f r a r e d  s p e c t r a .  Corresponding areas  on c o n t r o l  t h i n  
l a y e r  p l a t e s  were s u b j e c t e d  t o  t h e  same p rocedure .  C e r t a i n  s p o t s  p re -  
s e n t  on  f o u r  ChrOmatOgraJrIS o f  Orguei l  were t h e  f a t t y  a c i d s ,  b u t  t h e y  
r e p r e s e n t  o n l y  a rninor pe rcen tage  o f  t h e  t o t a l  and a p p a r e n t l y  are  
i n s u f f i c i e n t  t o  cause t h e  observed o p t i c a l  r o t a t i o n  of t h e  s a p o n i f i e d  
e x t r a c t .  A n a l y s i s  and c o n t r o l  experiments with amino acids,  ir ieiuci-  

i n g  t h i n  l a y e r  Chromatography using n i n h y d r i n  s p r a y  r e a g e n t  and 
s o l u b i l i t y  tests, have shown t h e  absence  of a m i n o  acids i n  t h e  O r g u e i l  
s a p o n i f i e d  f r a c t i o n s ;  consequent ly ,  t h e  obse rved  l e v o - r o t a t i o n  i s  n o t  
caused by t h e s e  compounds. The composi t ion of t h e  O r g u e i l  o p t i c a l l y  
a c t i v e  f r a c t i o n  does  n o t  resemble t h e  composi t ion  o f  museum wax, naph- 
t h e n i c  acids,  s u l f u r  b a c t e r i a ,  b a c t e r i a  from marine mud, brown 
a l g a e ,  moss, fungus ,  p a l m  l e a v e s ,  sea anemone, beef b r a i n ,  beef s p l e e n ,  
l i p i d s  from human hand, o r  s y n t h e t i c  m i x t u r e s  o f  p u r e  l i p i d  compounds. 
Some of t h e  u s u a l  r e c e n t  b i o l o g i c a l  l i p i d s  were a b s e n t  i n  b o t h  
s a p o n i f i e d  and c o l d  ch lo ro fo rm e x t r a c t s  of O r g u e i l .  

meteorites and c o n t r o l s  d i s s o l v e d  i n  CCl, ,  were measured w i t h  two 
d i f f e r e n t  t y p e  i n s t r u m e n t s ,  t w o  Rudolph p h o t o e l e c t r i c  s p e c t r o p o l a r i -  
meters u s i n g  xenon-mercury l i g h t  s D u r c e s ,  and a Xudolph v i s u a l  p o l a r i -  
meter, modi f ied  by a p h o t o e l e c t r i c  d e t e c t i o n  system. C e l l  l e n g t h s  
v a r i e d  between 0 . 1  and 2 .0  dm; a 1 . 0  dm c e l l  was used most o f t e n .  
Heasurements were made between 306 and 650 mu wavelengths ,  however, no 
s o l u t i o n  was found t o  be t r a n s p a r e n t  below 353 mp. The samples  (ex- 
c l u d i n g  one  of t h e  three O r g u e i l  samples)  were f i l t e r e d  th rough  Milli- 
p o r e  f i l t e r s  of 0 . 4 5  mu p o r e  s i z e  b e f o r e  t h e  measurements. A l l  three 

O p t i c a l  r o t a t i o n  measurements. T h e  s a p o n i f i e d  f r a c t i o n s  from 



-9- 

of t h e  i n s t r u m e n t s  were c a l i b r a t e d  w i t h  s o l v e n t  b l a n k s ,  and i n  a d d i -  
t i o n  one in s t rumen t  was a l s o  c-rated w i t h  colored b l a n k s  c o n t a i n i n g  
c o l l o i d a l  s u l f u r  and a s o l u t i o n  of c h o l e s t e r o l  i n  C C 1 4  s u f f i c i e n t l y  
d i l u t e d  t o  g i v e  a l e v o - r o t a t i o n  similar t o  t h e  m e t e o r i t e  e x t r a c t s ,  
The o p t i c a l  r o t a t i o n s  of t h e  t h r e e ,  i d e n t i c a l l y  p repa red  s a p o n i f i e d  
f r a c t i o n s  from t h e  t h r e e  d i f f e r e n t  O r g u e i l  s t o n e s  were measured a t  
t h r e e  l a b o r a t o r i e s  by t h ree  independent i n v e s t i g a t o r s .  A l l  measure- 
ments gave t h e  same r e s u l t s  w i t h i n  t h e  l i m i t s  of known i n s t r u m e n t a l  
e r r o r .  The measurements, and p a r t i c u l a r i l y  those made a t  lower 
wavelengths ,  were s i g n i f i c a n t l y  h igher  t h a n  t h e  i n s t r u m e n t a l  error .  
The r e s u l t s  are shown i n  Tab le  I and F i g u r e  7 .  The meteorite s a p o n i f i e d  
f r a c t i o n s  were l e v o - r o t a t o r y  ( b e s t  n o t i c e a b l e  a t  4 3 5  mv wavelength)  
whereas t h o s e  of t h e  c o n t r o l s  (museum d u s t ,  museum wax, s o i l  and p o l l e n )  
were d e x t r o - r o t a t o r y  a t  t h e  same wavelengths.  The a l g a e  and t h e  naph- 
t h e n i c  a c i d s  showed a s l i g h t  d e x t r o - r o t a t i o n  o r  no o p t i c a l  a c t i v i t y ,  
Labora tory  con tamina t ions ,  eva lua ted  by s p e c i a l  c o n t r o l  r u n s ,  a l s o  
i n d i c a t e d  d e x t r o - r o t a t i o n .  Bruderheim showed no o p t i c a l  a c t i v i t y .  
G e n e r a l l y ,  bo th  t h e  l e v o  and t h e  d e x t r o - r o t a t i o n s  appeared  t o  
i n c r e a s e  toward lower wavelengths ;  a l e v o - r o t a t i o n  of -0.023O +O.O05O 
w a s  o b t a i n e d  f o r  Orgue i l  a t  4 3 5  m v ,  n e x t  t o  t h e  lower l i m i t  of o p t i c a l  
t r a n s p a r e n c y  of t h e  acidic  meteorite s o l u t i o n s .  During t h i s  s t u d y  
c o l o r e d  s o l u t i o n s  and suspens ions  of c o l l o i d a l  s u l f u r  were examined, 
samples  were f i l t e r e d  th rough  M i l l i p o r e  f i l t e r s ,  c e l l  d e s i g n ,  l e n g t h ,  
i n s t r u m e n t s ,  and i n s t r u m e n t a l  c o n d i t i o n s  were v a r i e d ;  t h e s e  p rocedures  
i n d i c a t e  t h a t  t h e  measured o p t i c a l  a c t i v i t y  i n  O r g u e i l  w a s  r ea l .  

DISCUSSION 

Earlier a t t empt s  t o  detect  o p t i c a l  r o t a t i o n  i n  carbonaceous me teo r i t e s  
(23, 24) have been unsuccessfu l .  It appears  t h a t  t h i s  can be explained 
by some of t h e  fo l lowing  factors: (a)  by t h e  u s e  of polar imetegs lack- 
i n g  s u f f i c i e n t  s e n s i t i v i t y ,  (b) by the  use of chemica l ly  un f rac t iona ted  
o rgan ic  matter or by t h e  s tudy  of the chemical f r a c t i o n s  i n  which 
o p t i c a l  r o t a t i o n  was either a b s e n t  o r  below the d e t e c t i o n  l i m i t .  I t  
appears  t h a t  a thorough f r a c t i o n a t i o n  of t h e  organic  matter i s  essen-  
t i a l  f o r  t h e  d e t e c t i o n  of o p t i c a l  r o t a t i o n  i n  Orquei l ,  because of t h e  
probable  presence of compounds having varying ( o r  opposing) r o t a t i o n .  
F i n a l l y ,  it is p o s s i b l e  t h a t  previous f a i l u r e  t o  detect  o p t i c a l  a c t i v i -  
t y  is also r e l a t e d  t o  (c )  t h e  opac i ty  of s o l u t i o n s  a t  t he  lower spec t -  
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ral range and to the apparent restriction of some of the easily detect- 
able rotation to a narrow ranie right adjacent to this lower limit of 
transparency. 

The optical activity in organic substances synthesized in enzy- 
matically catalyzed processes arises from asymmetry associated with 
the presence of at least one carbon atom in the molecule to which 
four different groups are bonded. Other types of asymmetry in organic 
molecules are seen in allene, spirane, biphenyl and certain polycyclic 
aromatic systems. Laboratory synthesis of compounds with asymmetric 
centers gives racemic mixtures. 
active material of natural occurrence, however, is in the asymmetric 
synthesis catalyzed by enzymes produced by living cells. The authors 
are not aware of naturally ocaurring optically active terrestrial 
organic substances which have been demonstrated to have any other 
origin. 
surfaces of enantiomorphous crystals has not been conclusively demon- 
strated, ( 2 5 ,  2 6 ) .  It seems reasonable to connect optical rotation 
in Orgueil with biological activity, either of indigenous origin or 
perhaps still related to terrestrial contaminations. 

The ordinary source of optically 

The synthesis of optically active compounds in contact with 

ACKNOWLEDGEMENTS 

We would like to thank Prof. Harold C. Urey of the University 
of California for his many suggestions and continued help during 
this work. We would also like to thank Drs. Lardicci and Rossi 
of the University of Pisa, Bela F. Nagy of Brandeis University and 
W. D. Rosenfeld and Sol Silverman of the California Research Corp- 
oration for their contributions in the optical rotation measure- 
ments and for the use of the spectropolarimeters. We would like to 
thank the various individuals who provided the meteorite and con4~01 
samples. This investigation was supported by the National Aeronautics 
and Space Administration, research grants NsG-341 and NsG-591. 



RE FE HE N C € S 

1. 

2. 
3. 

4. 

5. 
6. 
7. 
8. 
9. 

1 10. 

11. 

12. 
13. 
14. 

17. 
18. 
19. 
20. 
21. 

22. 
23. 
24. 

25. 
26. 
27. 

Cloez ,  S . ,  Corn t rend .  Acad. S c i . ,  P a r i s ,  58, 986 (1864) 

B e r t h e l o t ,  M., Compt. rend .  Acad. S c i . ,  P a r i s ,  67, 849 (1868). 
Nagy, B., Meinschein,  W. G .  and Hennessy, I). J. ,  Ann. N .  Y.  Acad. 
S e i  93, 25 (1961). .’ 
Meinschein,  W. G . ,  Nagy, B. and Hennessy, D. J . ,  Ann. N .  Y.  Acad. 
S c i  1 0 8 ,  553 (1963). 4’ 
Nagy, B. and B i t z ,  14. C. ,  Arch. Biochem. Biophys. ,  101, 2 4 0  (1963). 
Hodgson, G. W. and Baker, B. L . ,  Nature ( i n  p r e s s ) .  
C laus ,  G. and Nagy, B., Nature,  192, 594 (19611.’ 
S t a p l i n ,  F. L., Micropa leon to l . ,  8 ,  343, (1962). 
Nagy, B., F r e d r i k s s o n ,  K . ,  Urey, H. C . ,  C l a u s ,  G. ,  Andersen, C. A. 
and Pe rcy ,  J. ,  Na tu re ,  198, 1 2 1  (1963). 
Nagy, B., F r e d r i k s s o n ,  K . ,  Kudynowski, J . ,  and Car l son ,  L. ,  
Na tu re ,  2 0 0 ,  565 (1963). 
Nagy, B . ,  Meinsche in ,  W .  G .  and Hennessy, D. J., Ann. N .  Y.  Acad. 
S e i  1 0 8 ,  ,534 (1963). .’ 
W’iik, H. B . ,  Geochim. e t  Cosmochim. Acta, 9, 279 (1956). 
Boato, G., Geochim. e t  Cosmochim. Acta, 6, 209 (1954). 
Nagy, B. and Claug, G . ,  Proc. Conf. Organic .  Geochemistry,  Milan,  
(Pergamon Press, i n  p r e s s ) .  
Oakwood, T. S., S h r i v e r ,  D. S . ,  F a l l ,  I d .  H . ,  McAleer, Id. J. and 
Wunz, P. R., Ind. Eng. Chem, 4 4 ,  2568 (1952). 
P i c t e t ,  A. ,  Ramseyer, L. and Ka i se r ,  O., ComPt. r end .  Acad. S C i . 9  
P a r i s  163, 358 (1916). -’ 
Anders ,  E. and F i t c h ,  F. W . ,  Science,  1 3 8 ,  1392 (1962). 
F i t c h ,  F. W. and Anders,  E . ,  Ann. N .  Y. hcad.  S C i . ,  108, 495 (1963)- 
Dasler, W. and B a u e r ,  C.  D . ,  Ind .  Eng. ~ k e r n . ,  18, 52, (1946)- 
Bleyberg ,  ‘VJ. and U l r i c h ,  H . ,  Ber., 64, 2504 (1931). 
Shreve ,  0. I)., I i ee the r ,  M .  R . ,  Knight ,  H. B o  and Swern, D e ,  

Anal.  Chem., 22, 1498 (1950). 
F l e t t ,  M. S t .  C . ,  J. Chem. SOC.,  962 (1951). 
Muel l e r ,  G., Geochim. e t  Cosmochim. A c t a ,  4 ,  1 (1953). 

and A’ i b i d  3 - § 5 m m ) .  

Kaplan, I. R. ,  Degens, E. T. and Reu te r ,  J. H., Geochim. et 
Cosmochim. Acta, 27, 805 (1963). 
Schwab, G .  N., Rost,  F. and Rudolph,  L.,  Kol lo id .  Z., 68, 157 (1934). 
U l b r i c h t ,  T. L. V . ,  Cornpar. Biochern., 4 ,  ( B ) ,  19 (1962). 
Sobotka ,  H. and S t y n l e r ,  F . ,  J. Am. Chen?. SOC., 72, 5139 (1950). 



a w 
f-4 

0 
2 
VI 
H 

H 

3: rn 
a 
k fu a c 
a 
c, rn 
c, 
E: 
0) > 
d 
0 
m 

0 
c, 

k 
a, cec 
a, 
& 

m 
0) 

M 
P) a 

E 

c 
.d 

rn 
a, 
3 
d a > 

- A  x -4 (v 

- 0  
v, 

(v 0 0 0 
0 0 0 0 

I I I 1 0  . . O . . O .  0 0 0  

0 0 0 0 + 
. . . . . . . . . . . .  

(v 3. f f 
0 0 0 0 

I I I 1 0 . . . 0 . . O . . . O  

0 0 0 0 + + + + 
0 0 L n W f O f f 1 0 Q )  w a r -  
c 3 m d r l . 4 r l d d d d  d d d  

I 1 0 0 0 0 0 0 0 0 0 0  - 0 0 0  

0 0 0 0 0 0 0 0 0 0  4 0 0 0  + + + + + + + + + +  + + +  

. . . . . . . . . . . .  

. . . . . . . . . . . . . .  
m m L n  (0 
( v ( Y ( v  (v 

I I I I I I I I 1 0 0 0  . O  . . . . . . . . .  
0 0 0  0 + + +  + 

m m ( D t n m c 3 r l m m  0 
( v ( v ( v d c u ( v ( v ( v c u  (v 

1 0 0 0 0 0 0 0 0 0  . . O  0 .  

0 0 0 0 0 0 0 0 0  0 ,  + + + + + + + + +  + 
. . . . . . . . . . . . . . .  

F. 
c3 u) d (v 

0 rl d rl 
I I I I I I O  . O .  e o . .  . o  

0 0 0 0 + + + + 
. . . . . . . . . .  

0 Q) 

f t 

0 0 + + 
. . . .  0 . . . . . . .  O . . .  . . . . . . . . . . . . . . . .  

f d  ( 0 0 4  
( v ( v  d o  

I I I I I I I I I I d d  o d d  

0 0  0 0  + +  + +  
. . . . . .  

(3 v) o m r ( c 3  0 m m m f ru O d O  f 
o o 0000 o o o o o oo ooo o 

I O O O O O O O O O O O ~ ~ O O O O  

0 0 0000 0 0 0 0  0 -  000 0 + +  + ) + + + + + + + I  + I 

. . . . . . . . . . . . . . . . . .  

0 l-l 0 d 
0 0 0 0 

1 . .  . o  . .  . o  . e o .  . . O  

0 0 W 0 
I + 

. . . . . . . . . . . . . . .  
m Q) 

. ( Y  0 
I I I I O  . . . . . .  - 0 . .  . . . . . . . . . . . . .  

0 0 
I I 

(Y CI r- Q) 

rl 0 0 0 
I I I I I I O  0 0 .  - 0 .  e . o  

0 0 0 0 
I I I I 

. . . . . . . . . .  
0 
(v 

1 1 1 1 1 0 .  . . . . . . . . .  . . . . . . . . . . .  
0 
I 

. 

in 
0 
0 

0 
~ +'I 

l o  
~ + I  

in 
0 
0 

0 

+ I  
Ln 
0 
0 

0 
. 

+ I  
Ln 
0 
0 . 
0 
+ I  

Ln 
0 
0 

b 
0 
bl  

In 
0 
0 

0 
+I 

in 
0 
0 

0 
. 

+ I  

Ln 
0 
0 

0 
+I 

Ln 
0 
0 

0 
cr +I 
0 

a,& 
b o 0  e &  
rdk 
!xW 

a 
.d 

W c 

.. 
rn 
4 
0 
A 
E x 
v) 



CAPTIONS FOR ILLUSTRATIONS 

F i g u r e  1 

A s t o n e  of t h e  O r g u e i l  meteorite ( O r g u e i l  
s ample  No. 3 )  b e f o r e  i t s  s u r f a c e  w a s  removed 

w i t h  a s p e c i a l l y  c l e a n e d  d r i l l .  

o r g a n i c  matter was isolated from t h e  i n t e r i o r  
of t h i s  s t o n e .  The b u r n t  c r u s t  i s  l o c a t e d  
be tween  t h e  a r r o w s .  

O p t i c a l l y  a c t i v e  





F i g u r e  2 

A b s o r p t i o n  c u r v e s  i n  t h e  v i s i b l e  s p e c t r a l  
r a n g e  of a n  O r g u e i l  s a p o n i f i e d  f r a c t i o n  a n d  
s y n t h e t i c  coloped b l a n k  c o n t a i n i n g  s u l f u r .  
o p t i c a l  r o t a t i o n  of one  O r g u e i l  f r a c t i o n  w a s  
measured  a g a i n s t  t h i s  b l ank .  Arrow i n d i c a t e s  
t h e  w a v e l e n g t h  where t h e  o p t i c a l  r o t a t i o n  of 
O r g u e i l  i s  bes t  n o t i c e a b l e .  

The 
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F i g u r e  3 

I n f r a r e d  s p e c t r a  of s a p o n i f i e d  o r g a n i c  
f r a c t i o n s  from t h e  O r s u e i l  meteor i te  a n d  con-  

t r o l s .  
(27). S p e c t r a l  f e a t u r e s  c h a r a c t e r i s t i c  of 

c a r b o x y l i c  a c i d s  ai-e a t  3 . 3 ,  3 . 7 ,  5 . 8 5 ,  a n d  
1 0 . 5 1 ~ .  

Curve  ii i s  t a k e n  from t h e  l i t e r a t u r e  
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Figure 4 

Infrared spectra of saponified organic 
fractions from the O r g u e i l  meteorite and 
controls. 
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Figure 5 

Ultraviolet spectra of saponified organic 
fractions from the O r g u e i l  meteorite and con- 
trols. Arrows show the absorption bands. The 

O r g u e i l  absorption bands ( s o l i d  arrows and 
d a s n e d  lines) are not located at the same 
wavelengths as those of the controls. 
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F i g u r e  6a,b,c 

T h i n  l a y e r  chromatograms on s i l i c a  g e l  and  
c a l c i u m  s u l f a t e  o r  magnesium s i l i c a t e  t a k e n  i n  
u l t r a v i o l e t  l i g h t  a f t e r  rhodamine 6G s t a i n i n g  of 
s a p o n i f i e d  o r g a n i c  f r a c t i o n s  from t h e  O r g u e i l  
m e t e o r i t e  and c o n t r o l s .  F i g u r e  6a shows a p l a t e  
d e v e l o p e d  w i t h  a s o l u t i o n  of  n - h e x a n e - e t h e r  
(97/3, v / v ) ;  6b w i t h  a s o l u t i o n  of n - h e x a n e - e t h e r  
( 9 5 / 5 ,  v / v  and  6c w i t h  a s o l u t i o n  of c h l o r o f o r m -  

m e t h a n o l - w a t e r  ( 6 5 / 2 5 / 4 ,  v / v / v ) .  R o w s  A ,  B and  C 
show t h e  three main components  of t h e  U r g u e i l  
f r a c t i o n s ;  A h y d r o c a r b o n s ,  B s u l f u r  a n d  C ac id ic  

compounds. Columns 1 - 7 ,  1 0 - 1 1  a re  O r g u e i l  
s a p o n i f i e d  f r a c t i o n s ,  8 and 1 2  are  s a p o n i f i e d  
n a p h t h e n i c  acids ,  9 and  1 3  are  s a p o n i f i e d  matter 
f rom brown a l g a e .  Note t h e  a b s e n c e  of n a t u r a l  

l i p i d s  i n  t h e  O r g u e i l  samples .  These l i p i d s  
a r e  v i s i b l e  be tween rows  B a n d  C i n  n a p h t h e n i c  
acids and  a l g a e  ( co lumns  8 ,  9 ,  1 2  and  13). 





F i g u r e  7 

O p t i c a l  r o t a t i o n  of s a p o n i f i e d  e x t r a c t s  

f rom t h e  O r g u e i l  m e t e o r i t e  and  c o n t r o l s .  Ver t ica l  
l i n e s  show t h e  r a n g e  of e x p e r i m e n t a l  e r r o r .  
D i f f e r e n t  symbols  on the O r g u e i l  curve refer t o  
measu remen t s  made a t  d i f f e r e n t  l a b o r a t o r i e s .  
The o p t i c a l  r o t a t i o n  o f  brown a l g a e ,  n a p h t h e n i c  

acids and  Bruderhe im non-ca rbonaceous  m e t e o r i t e  
f a l l  i n  t h e  r a n g e  of t h e  b l a n k s .  
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